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ABSTRACT 

''’his  report  contains  a  compilation  of  abstracts  of  papers  which 
were  either  accepted  for  publication  or  were  published.  The  papers  are 
on  the  subjects  of  Plasmas,  Fluid  Dynamics  and  Electromagnetics.  The 
work  described  was  carried  out  under  an  ARPA  contract,  Order  No.  529. 
This  report  also  contains  a  listing  of  papers  submitted  to  journals,  lectures, 
internal  reports  and  staff  activities. 
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L  INTRODUCTION 

The  Polytechnic  Institute  of  Brooklyn  is  conducting  a  broad  inter¬ 
disciplinary  theoretical  and  experimental  research  program  in  plasma 
aerodynamics,  electromagnetic  scattering  theory  and  experimental  plasma 
research  applicable  to  both  the  immediate  and  long-range  interests  of  the 
ARPA  Ballistic  Missile  Defense  Program.  Emphasis  will  be  placed  on 
fluid  dynamics,  electromagnetic  radiations  and  their  interaction  with  media 
characteristic  of  the  ballistic  missile  defense  environment. 

II.  SUMMARY  OF  RESEARCH 
A.  PLASMAS 

Cronstn,  H.  M.  ,  "Microwave  Heating  by  a  Standing  Wave  in  the 

Helium  Afterglow",  to  be  published  in  the  Journal  of  Applied 
Physics,  August  1967. 

Spatial  variations  of  electron  temperature  in  the  late  helium 
afterglow  in  the  pressure  range  0.  55  to  68  torr.  are  measured 
experimentally.  The  variations  are  due  to  the  pressure  of  an  applied 
standing  wave  at  microwave  frequencies.  A  normalized  temperature 
profile  is  deduced  from  variations  in  the  afterglow  light  quenching 
during  a  microwave  pulse.  Large  temperature  variations  occur  at 
higher  pressures  and  smaller  variations  are  seen  at  lower  pressures. 
The  observations  are  in  good  agreement  with  theory. 

Freidberg,  J.  P.  ,  "Nonlinear  Plasma  Waves.  Part  I:  Secular 

Behavior  of  Nonlinear  Equations",  published  in  the  Physics  of 
Fluids,  January  1967,  pp.  171-175. 

A  perturbation  scheme  is  devised  for  investigating  the  periodic 
solutions  of  a  nonlinear,  second  order,  ordinary  differential  equation 
with  an  additional  smali  nonlinear  term.  It  is  assumed  that  when  the 
additional  term  vanishes  the  solution  to  the  remaining  zercth  order 
nonlinear  equation  is  known.  When  this  is  the  case,  explicit  expressions 
for  the  first  order  solution,  and  the  first  order  correction  to  the  dis¬ 
persion  relation  are  given  in  terms  of  the  known  zeroth  order  solution. 
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Freiciberg,  J.  P.  ,  "Nonlinear  Plasma  Waves.  Part  II :  Nonlinear 
Effects  Near  the  Uppfr  Hybrid  Rcson.:.nce",  published  in  the 
Physics  of  .Fluids,  January  1967,  pp.  176-18  3. 

The  problem  of  calculating  the  amount  of  energy  which  can  be 
stored  in  a  plasma  near  the  upper  hybrid  resonance  is  treated  by 
considering  a  macroscopic  plasma  model  in  which  all  nonlinear  terms 
are  maintained.  For  frequencies  sufficiently  close  to  the  hybrid 
frequency,  and  for  low  temperatures,  application  of  the  traveling  wave 
hypothesis  reduces  the  macroscopic  equations  to  an  ordinary  non¬ 
linear  differential  equation  with  ail  additional  small  nonlinear  term. 

The  solution  of  this  equation,  by  the  perturbation  procedure  described 
in  Part  I  indicates  that  nonlinear  effects  (overtaking  a  id  trapping) 
become  more  important  at  lower  energy  levels  as  the  frequency  ap¬ 
proaches  the  hybrid  frequency.  Explicit  expressions  are  given  for 
the  maxim  am  allow  ble  stored  energy  at  hybrid  frequency  in  both  a 
cold  and  warm  plasma. 

Freidberg,  J.  P.  ,  "Nonlinear  Plasma  Waves.  Part  III:  Nonlinear 

Temperature  Effects  in  the  Electron-Ion  Two  Stream  Instability", 
to  be  published  in  the  Physics  of  Fluids. 

The  nonlinear  interaction  of  two  warm  interueneti  ating  electron 
and  ion  streams  is  treated  by  investigating  thp  traveling  wave  solutions 
to  the  two  fluid  macroscopic  plasma  equations.  These  equations  are 
reduced  to  the  form  of  a  nonlinear  diLerential  equation  with  an  additional 
small  nonlinear  term.  Application  of  the  perturbation  procedure, 
described  in  Part  I,  leads  to  a  nonlinear,  amplitude  dependent  dispersion 
relation.  An  examination  of  this  dispersion  relation  indicates  that  below 
a  certain  critical  temperature,  there  is  a  range  of  wavenumbers  where 
the  two  stream  instability  levels  off  before  the  onset  of  trapping.  This 
range  of  wavenumber s  decreases  with  increasing  temperature  and  there¬ 
fore  is  largest  when  the  temperature  is  zero. 

Friedman,  H.  W.,  "Non-Linear  Asymptotic  Analysis  of  the  Positive 
Column",  to  be  published  in  the  Physics  of  Fluids. 

The  positive  column  of  a  slightlv  ionized  gas  discharge  confined 
by  cold,  insulating  walls  is  described  by  a  set  of  non-linear  fluid 
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equations.  The  inertia,  space  charge  and  collision  terms  are 
retained.  A  zeroth  order  solution  uniformly  convergent  to  the 
exact  solution  in  both  plasma  and  sheath  regions  is  derived  using 
asymptotic  boundary  layer  analysis.  The  value  of  potential  at  the 
wall  is  calculated  by  means  of  kinetic  model.  It  is  found  that  the 
density  at  the  wall  can  be  a  significant  fraction  of  the  value  at  the 
center  and  that  it  vanishes  only  in  the  low  electron  temperatu/e 
limit.  The  original  Bohm  criterion  is  recovered  as  a  necessary 
condition  for  sheath  stability  and  is  interpreted  as  (1)  the  velocity 
which  asymptotically  separates  the  plasma  from  the  sheath  anH 
(2)  the  maximum  ambipolar  diffusion  velocity. 

Friedman,  H.  W.  ,  "Singular. ties  of  the  Two-Fluid  Plasma  Equations 
and  their  Relation  to  Boundary  Conditions",  to  be  published  ir. 
the  Physic „  of  Fluids. 

The  one  dimensional  fluid  equations  are  used  to  describe  a 
steady  state,  slightly  ionized  plasma  confined  by  cold  walls.  The 
singularities  of  the  complete  two-fluid  and  approximate  one-fluid 
equations  are  investigated  and  compared.  It  is  found  that  the 
singularity  in  the  one- fluid  equations  indicating  a  transition  from 
plasma  to  sheath  regions  disappears  in  the  two- fluid  equations  and 
therefore  a  smooth  transition  is  predicted.  Another  singularity  vhirh 
is  present  in  the  two-fluid  but  not  in  the  one-fluid  equations  i «  shown 
to  be  compatible  if  a  constraint  relation  is  satisfied  at  the  singular 
point.  In  order  that  the  two-fluid  problem  be  well  posed;  (1)  the 
boundary  conditions  are  modified  to  insure  fhat  the  constraint  relation 
is  satisfied  and  (2)  a  kinetic  model  is  derived  which  uniquely  specifies 
the  wall  potential  for  a  given  plasma  configuration.  The  occurrence  of 
a  compatible  singularity  is  shown  to  be  analogous  to  the  phenomenon 
of  transonic  flow  in  a  convergent-divergent  nozzle. 

Koga,  T. ,  "The  Hypothesis  of  EqualA  Priori  Probabilities  in  Kinetic 

Theory",  presented  at  the  8th  Annual  Meeting  of  Americal  Physical 
Society,  Div.  of  Plasma  Physics,  Boston,  Mass,  in  November  1986. 
Reprints  available  through  U.  S.  Atomic  Energy  Documentation 
Center  at  Gmelin  Institute. 
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The  hypothesis  c  equal  a  priori  probabilities  is  essentia! 
both  in  statistical  mechanics  and  in  kinetic  theory.  In  the  latter, 
the  application  of  the  hypothesis  is  conditional,  as  is  exemplified 
by  molar  disorder  in  the  presence  of  molecular  order  conceived 
by  those  authors  such  as  Maxwell  and  Boltzmann  in  the  last  century. 
Previously  the  author  asserted  that  the  i'..ogoliubov-Born-Green- 
Kiikwood- Yvon  (BBGKY)  hierarchy  is  to  be  derived  by  course- 
graining  the  Liouville  equation  under  a  time-scale  assumption.  On 
tt  e  other  hand,  some  authors  seem  to  believe  that  no  coarse-graining 
is  necessary  because  the  density  of  similar  systems  in  the  phase 
space  is  microscopically  symmetric  with  respect  to  the  interchange 
of  phase  coordinates  between  two  similar  particles.  By  the  micro¬ 
scopic  symmetry  (unconditional  application  of  the  hypothesis  of  equal 
a  priori  probabilities),  however,  one  must  admit  the  same  degeneracy 
in  the  states  of  those  particles  as  in  energy  eigen-states  of  Bose- 
Einstein  particles  in  a  closely  packed  sys  tern.  The  assumption  of 
microscopic  symmetry  is  not  plausible  in  view  of  the  following: 

1)  A  procedure  of  our  experirrn  nta1  observation  of  kinetic  theoretical 
processes  is  perforrrieo  with  respect  to  a  single  system  along  the 
time  axis;  2)  a  finite  change  in  the  position  and  velocity  of  a  particle 
cannot  take  place  instantaneously;  3)  similar  particles  a  re  indistin¬ 
guishable,  but  their  states  aie  distinguishable.  Ihese  three  reasons 
are  relevant  unconditionally  for  classical  -  mechanical  systems  and 
conditionally  for  quantum-mechanical  systems.  It  is  shown,  in 
appen<';x  B,  that  the  derivation  of  the  Boltzmann  equation  cannot  be 
consistent  from  the  BBGKY  hierarchy  based  on  the  microscopic - 
symmetry  assumption.  In  conclusion,  the  symmetry  assumption  is 
plausible  in  kinetic  theory  only  conditionally  and  locally  after  coarse- 
graii’ing  operations.  This  conclusion  is  not  trivial,  particularly  for 
ionized  gases. 

Koga,  T. ,  "Kinetic  Equ;  tions  for  Plasmas",  to  be  published  in  the 

Bulletin  of  the  American  Physical  Society,  April  1967. 

Because  of  the  time  scale  assumption  necessary  for  its  derivation, 
the  Bogoliubov-Born-Gr  een-Kirkwood  -  Yvon  (BBGKY)  hierarch''  of 
equations  is  not  applicable  to  systems  consisting  of  charged  particles, 
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except  for  special  subsystems.  A  new  class  of  equations  govo  ni"g 
the  evolutions  of  charged  particles  is  derived  from  the  Liouvillo 
equation  and  is  coarse-gi ’ined  with  respect  to  time  and  similar 
oarticles.  In  the  zeroth  approximation,  ihere  are  two  basic  types 
of  inter-particle  interactions:  One  is  of  the  Vlasov  type  and  the 
other  of  the  Boltzmann  type  characterizing  interactions  among 
nearest  neighboring  particles.  In  higher  order  approximations, 
mutual  perturbations  among  those  basic  interactions  result  ir 
secondary  effects;  for  example,  two  nearpst-neighboring  particles 
exert  a  force  of  microscopic  order  to  another  particle.  Depending 
on  the  ratio  between  the  number  -f  electrons  and  the  number  of  ions 
in  a  real  system,  the  simulating  model  varies.  The  main  purpose  of 
the  paper  is  to  present  schemes  of  rational  treatment,  rather  than 
to  provide  numerical  results  in  detail  for  a  particular  system. 

Sancer,  M.  I.  ,  :,£i-Orthogonal  Expansions  for  the  Linearized 
Anisotropic  Multifluid  Warm  Plasma  Equations",  to  be 
published  in  Radio  Science,  August  1967. 

A  bi-orthogonali ty  relation  is  presented  between  the  eigen¬ 
functions  of  the  operator  representing  the  linearized  anisotropic 
multifluid  description  cf  a  cylindrical  warm  plasma  and  the  eigen¬ 
functions  of  the  corresponding  adjoint  operator.  This  bi-orthog¬ 
onality  relation  is  used  to  describe  the  solution  to  the  plasma 
equations  when  the  plasma  is  excited  by  general  sources,  as  well 
as  to  decompose  a  known  solution  into  the  appropriate  eigenfunction 
expansion. 

B.  FLUID  DYNAMICS 

Lederman,  S.  and  D.  S.  Wiloon,  "Microwave  Resonant  Cavity 
Measurement  of  Shock  Produced  Electron  Precursors", 

J.  ALAA,  Vol.  5,  No.  1,  January  1967,  pp.  70-77. 

Microwave  resonant  cavities  operated  in  the  TMqjq  mode 
and  constituting  a  part  of  the  driven  section  of  a  pressure  driven 
shock  tube  are  used  in  this  investigation.  With  argon  as  the  driven 
gas  (at  a  pressure  of  approximately  0.001  to  0,02  atm)  and 
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hydrogen  as  the  driver  ga3,  the  shock  Mach  number  is  varied  over 

a  range  between  10.  5  and  13.  5.  With  tiie  cavities  operated  in  the 

S-band  region,  an  electron  density  of  the  order  of  5x10^  to  lxlO^el/cm  ^ 

can  be  measured.  Using  two  cav:ties  in  tandem,  tuned  for  the  same 

resonan*  frequency  and  separateu  by  a  known  distance,  a  measure  of 

the  precursor  velocity  is  obtained.  Several  experiments  are  performed 

to  determine  the  nature  of  the  electron  precursor,  i.  e.  ,  whether  the 

pr_cursor  is  caused  by  large  scale  diffusion  of  electrons  from  behind 

the  incident  shock  or  by  radiation  effects.  It  was  found  that  electron 

8  3 

precursor  densities  as  high  as  10  e’./cm  were  measured  as  far  as 
l/2  m  in  front  of  the  shock,  the  electron  precursor  velocity  is  equal 
to  the  shock  velocity,  and  the  electron  precursor  in  front  of  the  shock 
is  generated  by  radiation  emitted  from  the  ionised  gas  behind  the 
incident  shock. 

Ledernan,  S.  ,  D.  S.  Wilson  and  E.  F.  Dawson,  "The  Application  of 
a  Langmuir  Type  Probe  and  Microwave  Diagnostic  Technique 
to  Transient  Ionized  Flows",  published  in  ti.e  IEEE  Transactions 
on  Aerospace  and  Electronic  Systems,  March  1967  (bearing  title 
of  "Langmuir  Probe  and  Microwave  Technique  for  Ionized  Flows"). 
(Paper  presented  at  2nd  International  Congress  on  Instrumentation 
in  Aerospace  Simulation  Facilities,  Stanford  University,  Stanford, 
Calif,  in  August  1966). 

Electron  number  densities  were  measured  behind  the  incident 
shock  vave  in  a  pressure  driven  shock  tube  by  a  microwave  resonant 
cavity  technique  and  by  electrostatic  prc’  es.  The  dri\  en  gas  was  air 
at  initial  oressures  of  .  5  and  1mm  Hg,  and  the  shock  Mach  n  ber 
was  varied  ft  om  7  to  10.  Electron  neutral  collision  frequency  as 
also  determined  by  the  microwave  technique.  The  experimental 
measurements  were  compared  with  other  measurements  and  with  theory. 

Schmidt,  E.  M.  and  R.  J.  Cresci,  "Near  Wake  of  a  Slender  Cone  in 

Hypersonic  Flow",  to  be  published  in  AGARDograph,  Proceedings 
of  AGARD  Specialists'  Meeting  on  "Fluid  Physics  of  Hypersonic 
Wakes"  to  be  held  in  May  1967. 
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An  experimental  study  has  been  periormed  to  obtain  the  near 
wake  characteristics  of  a  sharp,  10°  half  angle  cone  at  angle  of 
attack  in  a  hypersonic  free  stream  environment.  The  tests  were 
conducted  at  a  free  stream  Reynolds  number  (Re^  =  0.55x  10^) 
corresponding  to  a  laminar  near  wake  for  the  zero  angle  of  attack 
condition.  The  inviscid  flow  field,  including  trailing  shod:  configura¬ 
tion,  and  the  viscous  core  behavior  are  compared  to  the  corresponding 
data  obtained  at  zero  angle  of  attack.  The  major  effects  of  the  non¬ 
zero  angle  of  attack  are  seen  to  occur  in  the  mixing  processes  as 
indicated  by  centerline  variations  in  static  and  stagnation  pressure 
ratios.  The  recovery  of  these  parameters  to  their  free  stream 
conditions  for  the  cone  at  angle  of  attack  appears  to  follow  th’  turbulent, 
rather  than  the  laminar,  behavior  for  the  corresponding  cone  at  zero 
inclination. 

Zinman,  W.G.  ,  "Comment  on  Experimental  Precursor  Studies" 

AlAA  Journal,  Vol.  4,  No.  11,  November  1966. 

It  is  shown  how  a  two  step  process  in  which  the  first  step  is  the 
absorption  of  a  resonance  quanta  might  account  for  the  experimental 
result  of  Wilson  and  Lede.  man.  They  showed  that  the  apparent  photon 
mean  free  path  is  independent  of  the  initial  argon  pressure  in  a  shock 
tube. 

C.  ELECTROMAGNETICS 

Berger,  H.  and  J.  V.  E.  Griemsmann,  "Comments  on  'Guided 

Waves  in  a  Sir  *le  Moving  Medium'  ",  to  be  published  in  the 
Proceedings  of  IEEE. 

This  letter  presents  comments  on  a  recent  letter  by  Shiozawa 
which,  in  brief,  are:  (1)  Du  and  Compton  have  published  the  solutions 
to  the  same  problem,  (2)  Shiozawa  presents  an  improper  basis  for 
the  use  of  phase  invaria  nce  and  its  consequences,  and  \  3)  Shiozawa's 
solution  for  v  =  u  is  not  valid. 


"nM'ISl! 
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Berger,  H.  and  J.  W  .  E.  Griemsmann,  "Guided  Waves  in  Moving 
Dispersi'-  Media.  I  -  Non-Relativi  stic  Velocities",  to  be 
published  in  the  IEEE  Transactions  on  Microwave  Theory  and 
Techniques . 

This  paper  presents  a  theoretical  examination  of  the  influence  of 

dispersive  media  on  the  time-harmonic,  modal  field  structure  of  the 

electromagnetic  waves  in  a  cylindrical  waveguide  of  arbitrary  cross- 

section  when  the  medium  is  in  relative  motion  with  respect  to  the 

waveguide  walls.  The  modal  field  st  ucture  observed  both  in  the 

reference  frame  F*  attached  to  the  medium,  and  in  the  reference 

frame  F  attached  to  the  waveguide  walls,  are  determined  in  closed 

form.  The  results  presented  for  the  modal  fields  observed  in  F 

are  valid  when  the  medium  moves  with  a  velocity  that  is  small  com- 

-l/2 

pared  with  Cq  =  (£0/J0)  /  >  and  other  specified  reference  velocities. 

Contact  is  made  with  the  classical  relativistic  discussion  of  TEM  waves 
in  moving  media  by  the  introduction  of  the  Fresnel  drag  coefficient. 

The  theory  is  applied  to  the  special  cases  of  (a)  noil-dispersive  moving 
media,  and  (b)  a  moving,  low  temperature,  idealized  plasma. 

Berger,  H.  and  .T.  W.  E.  Griemsmann,  "Guided  Waves  in  Moving 

Dispersive  Media.  II  -  Relativistic  Velocities",  to  be  published 
in  the  IEEE  Transactions  on  Microwave  Theory  and  Techniques. 

The  detailed  modal  field  structure  has  been  determined  for 
electromagnetic  waves  propagating  in  a  uniform,  cylindrical,  lossless 
waveguide  of  arbitrary  cross-section  filled  with  a  moving  media.  The 
medium  is  assumed  to  be  homogeneous,  isotropic,  and  noil-dissipative, 
but  may  Oe  dispersive.  The  medium  moves  uniformly,  with  a  constant 
speed  v,  parallel  to  the  axis  of  the  waveguide.  The  solutions  obtained 
are  exact,  closed  form  functions  of  the  snace  variables,  time,  the 
modal  wave  frequency  and  propagation  factor,  and  hold  for  any  value  of 
the  magnitude  of  v,  from  zero  up  to  the  speed  of  light  in  vacuum. 

The  electromagnetic  power  flow  in  the  waveguide  is  investigated,  and 
it  is  demonstrated  that  it  displays  characteristics  which  differ  con¬ 
siderably  from  t’  ose  associated  with  the  stationary  medium  case. 

The  general  theory  i3  applied  to  several  types  of  moving  media  in¬ 
cluding  (1)  nondispersive  media,  and  (2)  the  idealized  low  temperature 
plasma. 
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Berger,  H.  and  J.  W.  E.  Griemsmann,  "Moving  Media  Without 

Electromagnetic  Drag",  to  be  published  in  IEEE  Transactions 
on  Antennas  and  Propagation,  July  1967. 

It  is  demonstrated  that  the  necessary  and  sufficient  condition 
for  a  moving  media  not  to  exhibit  a  drag  effect  on  electroma.igetic 
waves  propagating  through  thct  media  is  that  the  media  display  the 
dispersion  generally  associated  with  the  cold,  homogeneous,  isotropic 
plasma.  Because  at  sufficiently  high  frequencies  all  real  media  (in 
the  linear  approximation)  display  the  above  dispersion  it  follows  that 
in  those  circumstances  the  drag  effect  is  absent. 

V  Berger  and  J.W.E.  Griemsmann,  "Poynting's  Theorem  for 
Moving  Media",  to  be  published  in  IEEE  Transactions  on 
Antennas  and  Propagation,  May  1967. 

Compton  and  Tai  have  published  a  generalization  of  Poynting's 
theorem  for  media  moving  with  non- relativistic  velocity,  and  have 
given  physical  interpretations  for  various  terms  of  their  resultant 
equation.  In  the  present  note  Compton  and  Tai's  result  is  transformed 
into  another  form  which  suggests  a  very  different  interpretation.  The 
discussion  includes  relativistic  velocities. 

Felsen,  L.  B.  and  S.  Rosenbaum,  "Ray  Optics  for  Radiation  Problems 
in  Anisotropic  Regions  with  Boundaries.  I.  Line  Source  Excita¬ 
tion",  to  be  published  in  Radio  Science,  August  1967. 

Rigorous  generic  integral  solutions  for  the  fields  radiated  by 
phased  line  distributions  of  electric  or  magnetic  currents  in  the 
presence  of  two  arbitrarily  anisotropic  half-spaces  are  evaluated 
asymptotically  by  the  saddle  point  technique.  The  resulting  field 
constituents  are  shown  to  be  interpretable  invariantly  as  geometric- 
optical  (incident,  reflected  and  refracted)  and  diffracted  (lateral  wave) 
contributions.  These  fields  are  then  derived  directly  from  ray- 
optical  arguments,  thereby  providing  a  justification  for  this  procedure 
without  intervention  of  the  rigorous  formulation.  Because  of  the 
general  validity  of  ray-optical  concepts  in  connection  with  asymptotic 
solutions  in  the  far  zone,  use  of  ray  techniques  is  then  advocated  also 
for  more  complicated  configurations  which  are  not  amenable  to 
rigorous  analysis. 
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Bertoni,  H.  L.  and  A.  Hessel,  "Ray  Optics  for  Radiation  Problems 
in  Anisotropic  Regions  w.ti,  Boundaries.  II.  Point  Source 
Excitation",  to  be  published  in  Radio  Science,  August  1967. 

Based  on  a  rigorous  integral  representation,  the  far  fields 
radiated  by  an  electromagnetic  point  source  in  the  presence  of  a 
planar  interface  between  two  arbitrary  horn  geneous,  lossless, 
anisotropic  half-spaces  are  evaluated.  An  invariant  ray-optical 
interpretation  is  given  to  the  stationary  point  contributions  (direct, 
reflected  or  transmitted  rays)  and  to  the  branch  curve  contributions 
(lateral  rays)  to  the  asymptotic  evaluation.  The  invariant  form  of 
the  results  highlights  the  local  character  of  the  ray-optical  fields 
and  permits  one  to  postulate  a  generalization  of  the  ray-optical 
method  of  analysis  to  the  problem  of  reflection  and  transmission 
at  a  gently  curved  interface,  which  is  generally  not  amenable  to  a 
rigorous  analysis. 

Felsen,  L.  B.  and  F.  M.  Labianca,  "Radiation  and  Scattering  Problems 
in  Compressible  Plasmas.  I.  Solutions  by  Ray  Optics",  published 
in  Re  lio  Scicr.ee,  Vol.  2  (New  Series),  No.  1,  January  1967. 

Ray-optical  concepts  are  introduced  for  propagation  of  electro¬ 
magnetic  and  electroacoustic  waves  in  an  unbounded  compressible 
plasma,  and  are  then  applied  to  the  analysis  of  radiation  in  the 
presence  of  plane  or  curved  interfaces  and  obstacles.  The  method 
involves  iracing  of  the  electromagnetic  and  acoustic  rays  through  the 
medium,  due  account  being  taken  o(  coupling  in  source  regions,  at 
boundaries,  and  at  scattering  centers.  The  formulas  for  reflected, 
refracted,  and  diffracted  fields  derived  in  this  manner  are  verified 
for  special  cases  by  the  rigorous  treatment  in  part  II,  thereby  pro¬ 
viding  confidence  in  the  validity  of  the  procedure. 

Labianca,  F.  M.  and  L.  B.  Felsen..  "Radiation  and  Scattering  Problems 
in  Compressible  Plasmas.  II.  Solutions  of  Boundary- Value 
Problems",  published  in  Radio  Science,  Vol.  2  (New  Series), 

No.  1,  January  1967. 

Different  two-dimensional  geometries  involving  bounded, 
homogeneous,  isotropic,  compressible  plasma  regions  are  considered, 
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and  exact  integral  representations  are  developed  for  the  electro¬ 
magnetic  and  dynamical  fields  due  to  various  excitations.  Specifically, 
the  geometries  include  plane  and  cylindrical  interfaces,  and  also  a 
perfectly  conducting  half  plane  embedded  in  the  plasma.  Asymptotic 
analysis  of  the  exact  solutions  by  the  steepest-descent  method  leads 
o  results  which  may  be  cast  into  a  ray-optical  form.  It  is  shown 
that  the  geometric -optical  and  diffraction  fields  derived  in  this 
mt  nner  agree  with  those  obtained  in  part  I  by  direct  application  of 
ray -optical  procedures.  This  conclusion  lends  substance  to  the 
validity  of  the  ray-optical  method  and  suggests  its  utility  for  even 
move  general  configurations  which  are  not  readily  subjected  to 
rigorous  analysis. 

Ott,  E.  and  J.  Shmoys,  ''Transient  Aspects  of  Transition  Radiation", 

to  be  published  in  the  Quarterly  of  Applied  Mathematics. 

When  a  charged  particle  moving  at  uniform  velocity  crosses  a 
boundary  betveen  two  media  with  different  electrical  properties,  a 
pulse  of  electromagnetic  energy  is  emitted.  This  phenomenon  is 
basically  unlike  either  bremsstrahlung  or  the  Cerenkov  effect  in 
that  the  charge  will  radi  te  even  though  it  does  not  accelerate  or 
move  faster  than  the  phase  velocity  of  light  in  the  medium. 

1  2 

Various  theoretical  and  experimental  aspects  of  transition 
radiation  have  recently  been  the  subject  of  extensive  study.  It  has 
been  proposed  that  ti  fc  effect  might  be  useful  in  fhe  generation  of 
microwave  power  and  as  a  diagnostic  tool  for  '  e  study  of  metals 
and  plasmas. 

It  is  clear  that  the  effect  is  fundamentally  a  transient  process. 

It  is,  therefore,  surprising  that  the  transient  character  of  the  fields 
has  hardly  received  notice.  Previous  investigators  have  concentrated 
on  determining  the  frequency  spectrum  of  the  radiation  fields.  7/e, 
on  the  other  hand,  will  deal  iirectly  v/ith  the  problem  of  finding  the 
fields  as  a  function  of  time. 

In  order  to  illustrate  the  essential  characteristics  of  the  processes 
involved,  a  specific  problem  wi  1  be  considered.  For  the  problem 
selected  an  exact  closed  form  solution  is  obtained  in  a  form  amenable 
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to  physical  interpretation.  It  is  found  that  before  the  time  of 
impact  the  entire  field  may  be  represented  in  terms  of  an  image 
picture,  which  is  a  generalization  of  the  static  case.  Even  after 
impact  the  image  picture  remains  valid,  but  only  in  certain  regions 
of  space.  At  impact,  a  sudden  burst  of  energy  is  liberated.  This 
energy  then  propagates  outward  from  the  impact  point  in  a  manner 
to  be  discussed  later.  It  is  to  be  expected  that  the  solution  of  the 
present  problem  will  aid  in  the  understanding  of  transition  radiation 
in  more  complicated  configurations,  for  which  no  closed  form  solution 
is  available. 

The  method  used  to  evaluate  the  transient  is  patterned  after 
that  given  by  Felsen^.  A  representation  of  the  solution  in  terms  of 
Fourier  integrals  will  be  obtained;  these  will  be  then  reduced  to 
such  a  form  that  they  can  be  evaluated  by  inspection. 

Sasiela,  R.  and  J.  P.  Freidberg,  "Utilization  of  the  Refractive 
Index  Surfaces  to  Evaluate  Cerenkov  Radiation  in  an  Infinite 
Magnetoplasma11,  to  be  published  in  Radio  Science,  July  1967. 

The  utilization  of  refractive  index  surfaces  in  conjunction  with 
the  Clemmow,  Mullaly,  Allis  (CMA)  diagran.  greatly  simplifies 
the  determination  of  the  regions  of  Cerenkov  radiation  and  the  types 
of  waves  emitted  in  a  cold,  collisionless,  electron  magnetoplasma. 
Also,  the  physical  insight  gained  by  this  approach  is  used  to  explain 
the  qualitative  behavior  of  the  power  spectrum. 

Stalzer,  H.  J.  and  J.  Shmoys,  "Diffraction  by  a  Cylinder  in  a 

Locally  Uniaxial  Medium  with  Azimuthal  Optic  Axis1’,  to  be 
published  in  Radio  Science,  August  1967. 

An  exact  solution  of  Maxwell's  equations  is  given  for  the  problem 
of  a  magnetic  line  source  parallel  to  the  axis  of  a  perfectly  conducting 
cylinder  in  an  inhomogeneous  uniaxial  medium  of  infinite  extent.  The 
inhomogeneity  is  due  to  the  curvature  of  the  lines  of  force  of  the  static 
magnetic  field  responsible  for  the  anisotropy  of  the  medium.  These 
lines  of  force  are  taken  to  be  concentric  with  the  cylinder.  The  exact 
solution  is  transformed,  for  frequencies  above  the  plasma  frequency 
and  for  large  cylinder  radius,  to  a  more  rapidly  convergent  form 
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which  is  given  a  geometric  interpretation.  The  geometric 
interpretation  can  then  be  used  to  obtain  approximate  solutions 
when  the  magnetic  field  and  the  scatterer  arc  more  complicated 
and  do  not  admit  an  exact  solution  of  Maxwell's  equations. 

Ott,  E.  and  J.  Shmoys,  "Transition  Radiation  and  the  Cerenkov 
Effect",  to  be  published  in  the  Quarterly  of  Applied  Math. 

III.  ARPA-RELATED  ACTIVITIES,  LECTURES,  VISITING  PROFESSORS  AND 
CONSULTANTS,  PAPERS  SUBMITTED  TO  OUTSIDE  JOURNALS,  AND 
INTERNAL  REPORTS 

A.  ARPA-RELATED  ACTIVITIES 

Dean  Martin  H.  Bloom,  member  of  the  Atomic  and  Molecular  Physics 
Panel  of  the  Institute  for  Defense  Analyses 

Dean  Bloom  is  Associate  Editor  of  the  Journal  of  Ballistic  Missile 
Defense  Research,  published  by  IDA  for  ARFA 

Professor  Rudolf  Hutter  has  taken  part  informally  in  meetings  and 

project  reviews  of  the  ARPA-ECM  Electronic  Components  Sub¬ 
committee,  headed  by  Cox.  Benjamin  I.  Hill  of  ARPA 

Participation  at  outside  meetings  relevant  to  the  program  included 
the  following  talks: 

a)  8th  Annual  Meeting,  American  Physical  Society,  Division  of  Plasma 

Physics,  Boston,  Mass.,  November  19t(  : 

J.  Freidberg,  "Nonlinear  Temperature  Effects  in  the  Two  Stream 
Instability" 

L.  B.  F elsen 

R.  G.  E.  Hutter 

T.  Koga,  "The  Symmetry  Assumption  of  the  Density  of  a  System  in 

the  Phase  Space  the  Hypothesis  of  Equal  A  Priori  Probabilitv 
in  Kinetic  Theory" 

S.  Lederrnan 

E.  Levi 

J.  Shmoys 
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K.  Stuart,  "Observations  of  Resistive  Instabilities  in  a  Toroidal 

Plasma* 

D.  S.  Wilson 

b)  Defense  Ionospheric  Studies  Symposium,  San  Juan,  Puerto  Rico, 
November  1966: 

L.  B.  Felsen 

c)  Symposium  on  Plasma  Turbulence,  Institute  for  Defense  Analyses, 
Arlington,  Va. ,  November  1966: 

L.  B.  Felsen 
R.  C.  E.  Hutter 

d)  BMD  Experimental  Measurements  Meeting,  The  Pentagon,  Washing¬ 
ton,  D.  C. ,  November  1966: 

M.  H.  Bloom,  "Langmuir  Probe  Measurements" 

e)  Sperry  Rand  Research  Center,  Sudbury,  Mass.,  January  1967: 

H.  Farber 

R.  G.  E.  Hutter 
R.  Pepper 

f)  Technical  discussions  at  ARPA,  Washington,  D.  C. ,  March  1967: 

M.  H.  Bloom 

R. J.  Cresci 

B.  LECTURES 

The’-e  have  been  many  formal  seminars  and  informal  discussion 
groups;  a  partial  listing  is  given  here: 

October  1966: 

Dr.  H.  T.  Nagamatsu  Hypersonic  Boundary  Layer  Transition 

-general  Electric  Research  in  the  Mach  Number  Range  9.1-16 

and  Development  Center 
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November  1966: 


Dr.  M.  Baron 
Paul  Weidlinger  Consult. 
Engr. 


Particle  in  Cell  Method  Studies  and 
Their  Application  to  High  Velocity 
Impact  Problems 


Prof.  W.R.  Sears  Another  Boundary  Layer  Phenomenon 

Cornell  University  in  Magneto-Fluid-Dynamics 


Dr.  S.  Przezdziecki  A  Method  of  Analysis  of  Propagation  in 

Polish  Academy  of  Sci-  Stratified  Gyrotropic  Media 

ences,  Warsaw,  and 
P.  I.  B. 


Prof.  C.  Shulman 
C.  C.  N.  Y. 


Interaction  Between  Free  Electrons  and 
Light 


December  1966: 

Dr.  C.  C.  Mow 
Aero-Astronautics  Dept. 
The  Rand  Corporation 

Prof.  F.  H.  Abernathy 
Harvard  University 


On  the  Transient  Response  of  an  Inclusion 
and  Elastic  Wave  Scattering  Phenomena 


Recent  Developments  in  Bluff  Body  Wakes 
for  Incompressible  and  Hypersonic 
Flows 


Dr.  M.  Camac 
AVCO  Everett  Research 
Laboratory 

Prof.  P.  A.  Libby 
University  of  California 
San  Diego 


Gas  Dynamic  Measurements  with  Electron 
Beams 


Some  New  Solutions  in  Laminar  Boundary 
Layer  Theory 


Dr.  R.  Zirkind 
January  1967: 


Optical  Diagnostics  of  Plasmas 


Dr.  W.S.  Ament  How  Valid  is  the  Monte  Carlo  Method  for 

Naval  Research  Laboratory  Electromagnetic  Multiple  Scattering 

Washington,  D.  C.  Problems? 


February  1967: 


Prof.  L.  Crocco  Non-Linear  Periodic  Oscillations  in 

Princeton  University  Gaseous  Systems 

E.  Ott  Transient  Radiation  in  Inhomogeneous 

Plasmas 


K.  Stuart 


The  Toroidal  Discharge 
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Prof.  D,  J.  Rose  Some  Engineering  Aspects  of  the  Con- 

Dept.  of  Nuclear  Engrg.  trolled  Fusion  Feasibility  Problem 

Klass.  Inst,  of  Technology 


Dr.  R.  Monti 
University  of  Naples  and 


P.  I.  B. 


Thermodynamic  Aspects  of  Multireacting 
Ga.,  ;ous  Systems 


March  1967' 


Dr.  F.  N.  Frenkiel 
Applied  Math.  Lab. 

David  Taylor  Model  Basin 


Probability  Distributions  and  Higher  - 
Order  Correlations  in  a  Turbulent 
Field 


Prof.  C.  K.  Chu  So  ne  Numerical  Experiments  in  MHD 

Columbia  University  and  Rarefied  Gas  Dynamics 


Dr.  A.  Hesael 


Mr.  E.  Labuda 
Bell  Laboratories 


An  Analysis  of  Plane  Wave  Scattering 

from  a  Modulated  Corrugated  Structure 

Electron  Temperature  and  Density  in  a 
He  Ne  Discharge 


Dr.  M.  P.  Bachynski  Laboratory  Experiments  on  Electro- 

RCA  Victor  Labs.,  Ltd.  magnetic  Wave  Inter,-  *tion  with 

Montreal,  Ont. ,  Canada  Anisotropic  Plasmas 


Prof.  R.  Dorfman  Molecular  Distribution  and  Transport 

University  of  Maryland  Coefficients  in  a  Moderately  Dense 

Fluid 


Polytechnic  Institute  of  Brooklyn  Symposium  on  Modern  Optics 


C.  VISITING  PROFESSORS  AND  CONSULTANTS 
Dr.  Toyoki  Koga 

Dr.  Ilya  Prigogine  {University  of  Brussels) 
Dr.  Rudolfo  Monti  (University  of  Naples) 

Dr.  Nathan  Marcuvitz  (New  York  University) 


D.  PAPERS  SUBMITTED  TO  OUTSIDE  JOURNALS 

Koga,  T,  ’'Kinetic  Theoretical  Bases  of  Dynamics  of  Gases",  Jan.  1966, 
book  manuscript  submitted  to  Pergamon  Press, 

Lederman,  S  and  E.  F.  Dawson,  "Application  of  a  Microwave  Tech¬ 
nique  to  the  Measurement  of  Electron  Density  and  Ionization 
Time",  submitted  to  Physics  of  Fluids 

Berger,  H.  and  J.  W.  E.  Griemsmanu,  "The  Influence  of  Moving 

Dispersive  Media  on  Guided  Waves",  submitted  to  IEEE  Trans, 
on  MTT 
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Koga,  T-#  "The  Hypothesis  of  Equal  A  Priori  Probabilities  in 

Kinetic  Theory",  submitted  to  Review  of  Modern  Physics 

Koga,  T.,  "Derivation  of  the  Boltzmann  Equ  .tion  as  a  Test  Case 
of  Kinetic-Theoretical  Schemes",  submitted  to  Reviews  of 
Modern  Physics 

Koga,  T.,  "Symmetry  of  the  Distribution  Function  of  a  System  in 
Kinetic  Theory",  submitted  to  Physical  Review  Letters 

E.  INTERNAL  REPOhTS 

Hoffert,  Martin  1  "Nonequilibrium  Structure  of  Hydromagnetic 

Gas-Ionizing  Shock  Fronts  in  Argon",  PIBAL  Report  No.  1008, 
Polytechnic  Institute  of  Brooklyn,  Dept,  of  Aerospace  Engineering 
and  Applied  Mechanics,  February  1967 

Coordinated  by  R.  Hutter,  "Research  on  Electromagnetics  for  Project 
DEFENDER",  Se  ni-Annual  Technical  Summary  for  the  period 
ending  30  September  1966,  PIBMR1-1295.  3-66 

Berger,  H.  and  J.  W.  E.  Griemsmann,  "The  Influence  of  Moving 
Dispersive  Media  on  Guided  Waves",  P1BMRI-135G-66, 

Polytech.  Institute  of  Brooklyn,  July  29,  1966 

ij'-rger,  H.  and  J.W.E.  Griemsmann,  "Guided  Y/aves  in  Dispersive 
Media  Moving  with  Relativistic  Velocity",  PI3MRI-1351-66 
Polytech.  Institute  of  Brooklyn,  July  29,  1966 

Berger,  H.  and  J.W.E.  Griemsmann,  "  Relativistic  Doppler 
Equations  for  Attenuated  Waves"  ,  PIBMRI-1352-66 
Polytech.  Institute  of  Brooklyn 

Cronson,  H.  ,  "On  Experimental  Study  of  Microwave  Heating  in 
the  Helium  Afterglow"  ,  PIBMRI-1348-66 
Polytech.  Institute  of  Brooklyn 

E.  Ott  and  J.  Shmoy9,  "Transient  Aspects  of  Transition  and 
Cerenkov  Radiation"  .  P1BMRI-1362-67 
Polytech.  Institute  of  Brooklyn,  March  1967 

E.  Ott  and  J .  Shmoys,  "Transient  Electromagneti<-  Wave  Propagation 
in  Lossless  Isotropic  Dispersional  Media"  ,  I-  lRT-13fel-67 
Polytech.  Institute  of  Brooklyn,  March  1967 
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IV. 


PERSONNEL 

M.  H.  Bloom 

R.  J.  Cresci 

G.  Dorman 

H.  Farber 
L.  B.  Felsen 

J.  W.E.  Griemsmann 
A,  Hessel 

R.  G.  E.  Hutter 

D.  Jacenko 

K.  R.  Jolls 
T.  Koga 

S.  Lederman 

L.  Levey 

E.  Levi 
Pepper 

L.C.  Petersor 
S.  R  senbauin 
E.  L.  Rubin 
P.  E.  Seranm 
P.  M.  Sforza 
J.  Shmoys 

N.  Trentacoste 
P.  S.  W  ilson 

D.  D.  H  Yee 


Profes  sor 

Dean  of  Engineering 

Director,  Gas  Dynamics  Research 

Professor 

Assistant  Professor 
Associate  Professor 
Professor 
Professor 

Associate  Professor 
Professor 

Principal  Investigator 
Research  Associate 
Assistant  Professor 
Visiting  Professor 
Associate  Professor 
Assistant  Professor 
Professor 
Research  Associate 
Assistant  Professor 
Instructor 

Associate  Professor 
Assistant  Professor 
Assistant  Professor 
Associate  Professor 
Research  Assistant 
Assistant  Professor 
Assistant  Professor 


Advanced  Research  Projects 
Agency 

Attn.  Dr.  David  C.  Mann 
The  Pentagon 
Washington,  D.  C.  20301 

\dvanced  Research  Projects 
Agency 

\ttr.-  Lt.  Col.  R.  M.  Dowe,  Jr. 
File  Pentagon 
Washington,  D.  C.  20301 

Advanced  Research  Projects 
Agency 

Attn:  Mr.  C.  E.  McLain 
T'he  Pentagon 
Washington,  D.  C.  20301 

Advanced  Research  Projects 
Agency 

Attn:  Mr.  F.  A.  Keother 
The  Pentagon 
Washington,  D.  C.  20301 

Advanced  Research  Projects 
Agency 

Attn:  Dr.  P  J.  Friel 
The  Pentagon 
Washington,  D.  C.  20301 

Advanced  Research  Projects 
Agency 

Attn:  Dr.  R.  Zirxmd 
The  Pentagon 
Washington,  D.  C.  20301 

Advanced  Research  Projects 
Agency 

Attn:  Maj.  H  Dickinson 
The  Pentagon 
Washington,  D,  C.  20301 

Aerojet-General  Corporation 
Attn:  Technical  Library 
P.  O.  Box  296 
Azusa,  California  91703 


Aeronutronic  Division 
Philco  Corporation 
Attn:  Dr.  H.  Shenfield 
Ford  Road 

Newport  Beach,  C  '’fornia  92600 

Aerospace  Corporation 

Attn:  Manager,  Penetration  Aids 

2400  E.  El  Segundo  Bivd, 

El  Segundo,  California 


Aerospace  Corporation 
Norton  Air  Force  Base 
Attn:  Mr.  William  Barry 
San  B  it  n.i rdi  no,  Calif. 


Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
207  West  24th  Street 
New  York,  N.  Y.  10011 

Air  Force  Cambridge  Research 
Laboratory 

Attn:  Scientific  Library 
CRRELR,  Stop  29 
L.  G.  Hanscom  Field 
Bedford,  Mass. 

Air  Force  Cambridge  Research 
Laboratory 

Attn:  Dr.  Norman  W.  Rosenbe  | 
L.  G.  Hanscom  Field 
Bedford,  Mass. 

Air  Force  Cambridge  Research 
Laboratory 

Attn:  Dr.  K.  Champion 
L.  G.  Hanscom  Field 
Bedford,  Mass. 

Ai.'  Forcz  Cambridge  Research 
Laboratory 

Attn:  Dr.  A.  T.  Stair  (CROR) 

L.  G.  Hanscom  Field 
Bedford,  Mass. 

Air  Force  Office  of  Scientific 
Research 

Attn:  Dr.  M.  C.  Harrington 
1400  Wilson  Blvd. 

Arlington,  Virginia  22209 

Air  Force  Office  of  Scientific 
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